ABSTRACT
INTRODUCTION
Some species of plant-parasitic nematodes can cause severe damage to numerous crops. They attack mainly the root system. As a consequence, the plant loses its capacity to take up water and nutrients, with likely reductions in the growth and yield (Talavera et al. 2001) . Nacobbus aberrans (Thorne) Thorne and Allen is a sendentary endoparasite that causes histological alterations to the root tissues, inducing gall formation. Because the galls are very similar to those produced by Meloidogyne spp. (root-knot nematode) , N. aberrans is also known as the "false root-knot nematode". The nematode is native to the Americas (Sher 1970) , and is present in Argentina, Bolivia, Chile, Ecuador, Mexico, Peru, and the United States. It is a species of quarantine importance (Karssen and den Nijs 2001) that has a wide host range. Parasitized plants can show poor development, chlorotic leaves, wilting and smallsized fruits (Manzanilla-López et al. 2002) . N. aberrans was first detected in north-western Argentina in 1977 parasitizing several crops and some weeds (Costilla et al. 1977) . At present, it has a wide distribution (Doucet and Lax 2005) . In Córdoba province, it causes severe damage to tomato (Solanum lycopersicum L.) and pepper (Capsicum annuum L.), both crops being grown in greenhouses (Lax et al. 2011) . Arbuscular mycorrhizal fungi (AMF) establish a symbiotic relationship with most plant species (Wang and Qiu 2006) . These fungi increase host development and tolerance against several soil pathogens, such as plant-parasitic nematodes. AMF facilitate uptake of the nutrients, mainly of phosphorus (Borowicz 2001) , increasing plant vigor (Azcón-Aguilar and Barea 1996) . In addition, AMF affects the nematodes by altering root exudates (Graham and Menge 1982) or by producing phytoalexins in the root, such as glyceollin, which could have nematicidal effects (Morandi 1996) . Although possible mechanisms have been proposed to explain the reduction of harmful nematodes in the presence of AMF, they remain a matter of speculation (Elsen et al. 2001; Elsen et al. 2003) . The interaction between the AMF and Meloidogyne spp. in the plants of economic importance has been widely documented, with records of reduction in reproduction (Jaizme-Vega et al. 1997; Castillo et al. 2006) , number of second-stage juveniles (J2) in the soil (Shreenivasa et al. 2007; Gómez et al. 2008 ) and number of egg masses (Da Silva Sousa et al. 2010) . The above works also reported a lower number of galls induced by these nematodes. Studies on N. aberrans-AMF interaction are scarce (Gardezi et al. 1995; Lax et al. 2011) . A reduced number of galls was detected in tomato plants colonized by Glomus spp. (Gardezi et al. 1995) . Tomato plants colonized by G. intraradices Schenck and Smith and further inoculated with an Argentine population of the nematode showed a reduction in the multiplication of the parasite (Lax et al. 2011) . N. aberrans populations can behave in a different way on a single plant or a range of hosts; hence, the existence of "races/groups" within the species is considered (ManzanillaLópez et al. 2002) . Such physiological variability hinders the agricultural damage produced by the nematode. Therefore, studies with new populations from different geographical regions are necessary. The aim of the present work was to evaluate the effect of G. intraradices on a new and different Argentine population of N. aberrans and on tomato plant biomass.
MATERIALS AND METHODS
A population of N. aberrans from the locality of Río Cuarto (Río Cuarto department, Córdoba province, Argentina) was used for this study. Nematodes were multiplied on tomato cultivar Platense under greenhouse conditions. Egg masses of the nematode were extracted from the infected plants and placed in Petri dishes containing sterile water. They were maintained at room temperature to allow hatching; then, mobile J2s were recovered. Spores and roots colonized by G. intraradices (origin: La Plata, Herbario Spegazzini (LPS), Tierra del Fuego 28) were used for the study. The fungus was propagated on leek (Allium porrum L.) in the pots containing a mixture of sterile perlite and vermiculite (1:1) for six months. After this period, roots (0.25 g) were chopped into 1-cm long segments to determine the mycorrhizal colonization (Phillips and Hayman 1970) and quantify the AMF (Giovannetti and Mosse 1980) . To obtain the spores, G. intraradices was propagated on alfalfa (Medicago sativa L.) plants for six months in the pots containing the same substrate as used for leek and fed with a nutrient solution three times a week (Cabello 1997) . After that, a sample (5.0 g) of the perlite-vermiculite mixture was extracted to quantify the number of spores using the wet sieving and decanting technique (Gerdemann and Nicolson 1963) . The seeds of tomato Platense were surfacesterilized with 10% NaClO for five minutes and placed to germinate in the trays containing a mixture of sterile soil and sand (3:1). The physical and chemical characteristics of the soil were as follows (%): silt 23, clay 20, sand 57, organic matter 13.2, N 0.5, and P 21 mg/Kg; pH 5.2 Onemonth-old seedlings were transplanted to the containers (20 cm long x 4 cm wide, with a capacity of 190 g of soil). The experimental design consisted of six treatments with six replicates each: 1) non-inoculated plants (Control), 2) plants inoculated with G. intraradices at transplanting (AMF T0), 3) plants inoculated with N. aberrans at T0 (NEM T0), 4) plants inoculated with N. aberrans and G. intraradices at T0 (AMF T0 + NEM T0), 5) plants inoculated with N. aberrans three weeks after transplanting (NEM T3), 6) plants inoculated with G. intraradices at T0 and with N. aberrans three weeks after transplanting (AMF T0 + NEM T3).
At transplanting, the container was filled to twothird of its capacity with the substrate. In the treatments with N. aberrans, the initial population (Pi) of the nematode (100 J2/1.5 mL of sterile water) was deposited on the roots. In the plants treated with AMF, a homogeneous layer of the fungal inoculum (0.25 g of leek roots with 62.5% colonization and 5.0 g of the perlite-vermiculite mixture containing 1800 spores) was deposited; tomato seedlings were placed on the substrate and then roots were covered with the substrate. Plants were grown in a greenhouse (24/18°C day/night, 16/8 h day/night photoperiod). After 60 days, the plants were removed and biomass (aerial and root dry weight) was measured. The number of galls induced by the nematode was counted. Egg masses were extracted, counted and placed in a 1% NaClO solution for 4 min to count the eggs (Hussey and Barker 1973) . The soil of each plant was processed using the centrifugal-flotation technique (Jenkins 1964 ) to obtain vermiform stages. Final population (Pf) was estimated for each replicate by adding the number of eggs and nematodes extracted from the soil. Pf value was used to calculate the Reproduction Factor (RF=Pf/Pi). In addition, for all the treatments, roots were stained and total mycorrhizal colonization was quantified, following the previously mentioned techniques. Normality and homogeneity assumptions were confirmed for all the variables before statistical analyses. An ANOVA was performed to detect the differences among the treatments (p<0.05). The DGC multiple comparison test (test of Di Rienzo, Guzmán and Casanoves) was applied (Infostat 2001) .
RESULTS
Both plant growth parameters showed significant differences among the treatments (Table 1) . Aerial biomass was higher in AMF T0 and NEM T0 than in the control. Root biomass increased in AMF T0 compared to non-inoculated plants and NEM T0. Plants of the treatment AMF T0 + NEM T0 showed a greater aerial and root biomass than the control and NEM T0. No significant differences were observed between the two treatments inoculated with N. aberrans at T3 with respect to the control. Mycorrhizal colonization of G. intraradices was observed only in those treatments that were inoculated with the fungus. Root systems of tomato showed external and intracellular aseptate hyphae, terminal arbuscules, intracellular vesicles and coils (Fig. 1 ). Plants parasitized with the nematode showed a significant increase in mycorrhizal colonization (Table 2) . All the tomato plants inoculated with N. aberrans J2s presented galls and egg masses generated by the nematode (Fig. 2) . In NEM T0, the mean value of number of galls and RF was significantly higher than in the remaining treatments (Table 3) . No significant differences were observed for number of egg masses. 
DISCUSSION
Plant-parasitic nematodes have been traditionally managed with nematicides (Vos et al. 2012 ). Most of the chemical products used do not comply with current environmental regulations and soon they might be replaced with other management strategies of lower environmental impact (Harrier and Watson 2004) . Improving the host tolerance through the association with mycorrhizal fungi seems to be a promising option. In the present work, the application of G. intraradices at transplanting promoted the increase of aerial and root biomass of tomato, even in the presence of N. aberrans. An increase in biomass was observed in tomato inoculated with G. etunicatum Becker and Gerd. and Gigaspora margarita Becker and Hall, and parasitized with M. javanica (Treub) Chitwood (Cofcewicz et al. 2001) . A similar situation was observed with G. etunicatum in kiwi (Actinidia delicios Chev.), attacked by M. javanica (Verdejo et al. 1990 ). In the present work, pre-inoculation of tomato with AMF and three weeks later with N. aberrans did not promote plant biomass. AMF may increase productivity by enhancing the plant resource uptake when competing with soil pathogens (Schnitzer et al. 2011 ). In the plants of the last treatment (AMF T0 + NEM T3), AMF was less time in contact with N. aberrans. Hence, AMF would not be able to increase resource availability to host, affecting biomass increase. The percentage of mycorrhizal colonization can increase or decrease in the presence of plantparasitic nematodes (Roncadori 1997) , depending on the arbuscular mycorrhizal species involved (Waceke et al. 2001) . Here, the two treatments inoculated with nematodes and AMF (T0 and T3) showed increase in mycorrhizal level with respect to AMF at T0. Meloidogyne incognita (Kofoid and White) Chitwood, also showed an increase in the colonization of Acaulospora scrobiculata Trappe in tomato (Da Silva Sousa et al. 2010), of G. mosseae (Nicol. and Gerd.) Gerd. and Trappe in banana (Jaizme-Vega et al. 1997) , and of Gi. margarita in soybean (Glycine max (L.) Merrill) (Carling et al. 1989) . Alban et al. (2013) observed a high percentage of AMF colonization in the roots of coffee (Coffea arabica L.) parasitized with M. exigua Göldi. According to these authors, if AMF and the nematode were simultaneously present in the soil, AMF colonized the roots before nematode infestation. Thus, coffee plants can regain the energy lost by the parasitic interaction, preventing the reduction in plant growth. However, in some situations, Glomus spp. colonization has been lower in the presence of Meloidogyne spp. on different hosts (Atilano et al. 1981; Waceke et al. 2001; Elsen et al. 2002) . The presence of the nematode may interfere with nutrient flow between the root and the fungus, reducing AMF efficiency (Cofcewicz et al. 2001) . Tomato was benefited by G. intraradices when inoculated at transplanting, through a 56% reduction in the number of galls induced by N. aberrans. A reduced number of galls was observed in the application of different fungus species on tomato roots attacked by M. incognita (Da Silva Sousa et al. 2010) and N. aberrans (Gardezi et al. 1995; Lax et al. 2011) . Although there were no differences in the number of eggs produced by N. aberrans among treatments, a significant reduction (69%) in the RF of the nematode at T0 was observed. A decrease in RF of different plantparasitic nematodes was detected in the presence of several AMF species (including G. intraradices) (Pinochet et al. 1998; Elsen et al. 2002; Talavera et al. 2002; Castillo et al. 2006; Lax et al. 2011; Vos et al. 2012) . A reduction was observed in the final population of Pratylenchus vulnus Allen and Jensen in the roots of peach (Prunus persica L.) colonized by G. mosseae. This phenomenon was attributed to possible AMFinduced physiological changes in the roots, which would make the roots an unfavourable food source for the parasite (Pinochet et al. 1995) . The application of G. intraradices at transplanting significantly reduced the number of galls and RF of N. aberrans. However, in the plants mycorrhized and further inoculated with the nematode (AMF T0 + NEM T3), those parameters did not show significant differences from the respective control treatment (NEM T3). These results did not agree with the earlier studies considering M. incognita and G. mosseae on the same host (Talavera et al. 2001) . The increased development of the root system three weeks after transplanting (regardless of presence or absence of mycorrhizal infection) might have affected the root penetration by juveniles, with the consequent reduction in the number of galls and final population of the nematode. This work confirmed once again the usefulness of applying AMF at transplanting as a tool to manage N. aberrans populations on tomato. No tomato cultivars resistant to this nematode have been developed so far. AMF-tomato interaction might be an efficient control strategy in commercial production of this horticultural crop, especially under greenhouse conditions. In N. aberranscontaminated soils, the interaction would contribute to decrease the nematode population density, therefore reducing the damage produced by the parasite and increasing the crop yield.
